This paper studies the factors behind pro-cyclical but widely varying construction shares (as a percent of GDP) across countries, with a strong focus on European countries. Using a dataset covering 48 countries (including advanced and emerging economies within and outside Europe) for 1990-2011, we find that country's geography, demographics, and economic conditions are the key determinants of a norm around which actual construction shares revolve in a simple AR(1) and error-correction process. The empirical results show that in many European countries, construction shares overshoot relative to their norms before the recent global crisis, but they have fallen significantly since the crisis. Nevertheless, there is still room for further adjustment in construction shares in some countries which may weigh on economic recovery. JEL Classification Numbers: E01, E23, E32, L74, N64
EXECUTIVE SUMMARY
For many European countries, construction shares (in percent of GDP) have varied greatly before and during the recent economic crisis. Construction shares increased, some to very high levels, during the boom period. For example, during 2000-08 the real estate boom in Ireland, Spain, and Cyprus was synonymous with a construction boom, which boosted growth. In emerging Europe, similar overheating also took place in the Baltic countries, and to a lesser extent, Croatia.
The process has largely reversed itself in these countries since the crisis. For most countries, the deep recession has been accompanied by a collapse in construction activities and a sharp decline in construction shares.
Empirical results established in this paper provide insights on the driving forces behind the changes in construction shares. We show that actual construction shares revolve around a norm that is determined by country-specific fundamentals, in an auto-regressive, errorcorrecting process. The fundamentals include geography, demographics, and economic conditions such as income level, credit conditions, and stock market performance.
The results offer a compelling narrative on the seemingly volatile and wide varying adjustment process of construction shares experienced in Europe. During the boom, many countries overshoot the norm. After the crisis, the process has reversed and many countries have undershot the norm. But for some countries, the adjustment has fallen short of the model's predictions.
Over the medium-term, constructions shares are likely to recover in many European countries, but some may see further declines ahead. When economic conditions normalize over the medium term, Greece, Iceland, and Ireland in advanced Europe, and Latvia, Lithuania, Hungary, and Ukraine in emerging Europe may see a recovery in their construction shares. But construction shares could decline further in Spain, the United Kingdom, Romania, and the Slovak Republic. The improvement in construction shares, or lack of it, will have serious implications for the speed of recovery in economic activity and for employment.
I. INTRODUCTION
Construction plays a unique role in economic growth and is often a key barometer of economic conditions. Construction increases a country's physical infrastructure (including housing stocks) which is a critical factor for long-term growth. The performance of the construction sector both affects and is influenced by general economic conditions. Although generally small in size compared to other sectors, its activity has a large impact on output and employment of the whole economy given its close inter-linkages with other sectors.
Before the recent crisis, in many European countries, an increase in construction shares was closely associated with strong growth.
2 Figure 1 shows the correlation between changes in construction (as a percent of GDP) to average GDP growth for both advanced and emerging Europe countries for the period of 1980-2007. 3 For both groups of countries, the very high elasticity between changes in construction share and GDP growth, at around 0.37-0.4, is striking.
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Higher construction activity before the crisis was also associated with a lower unemployment rate ( Figure 2 ). For advanced Europe, it appears that on average, a one percentage point increase in the construction share (as a percent to GDP) was associated with about a one percentage point reduction in the unemployment rate. The reduction is somewhat smaller, but still sizable, in Central, Eastern, and Southeastern Europe (CESEE). According to the European Construction Industry Federation (2012), in 2011, construction industry is the biggest industrial employer in Europe, counting for 30.7% of industrial employment (and 7% of Europe's total employment).
In recent years, Europe has had one of the largest variations in construction shares in the world (Figure 3 ). Variation within Europe is also high compared with other regions. For example, advanced Europe has many positive outliers in terms of construction shares compared with other advanced economies. In fact, among European countries, Spain, Lithuania, and Iceland, had pre-crisis construction shares over 10 percent of GDP (Figure 4 and 5).
Since the global economic crisis, construction shares have dramatically declined from their peak but the pace of decline varies. Some of the countries, including Ireland, Iceland, and Latvia, saw a decline of around 5 percentage points of GDP from 2007-2011 ( Figure 6 and For others, such as Spain and Cyprus, the decline is sizable, but less severe. Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Switzerland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Finland Greece Greece Greece Greece Greece Greece Greece Greece With these stylized facts as a background, this paper first explores the link between construction shares and country-specific fundamentals. We determine what the "normal" level of construction share is for a given set of fundamentals; and explain the high construction shares in Europe during the boom and their decline since the crisis. Using a dataset of both European and non-European countries, we find the most important fundamentals driving the "norm" are demographics, geography, and economic conditions such as per capita income, credit conditions, and stock market performance.
We then identify the adjustment dynamics of construction share around its norm. We find that the pace of adjustment of actual construction shares around the norm are driven by the size of the deviation from the norm, and the previous period's change in construction shares themselves. This auto-regressive, error-correcting process explains the distinctly high and low growth periods of construction shares. The gradual auto-regressive adjustment process also explains the pro-cyclicality of construction shares. 6 The change in construction share suggests that construction is highly pro-cyclical. A rising construction share during the boom time means construction grows faster than GDP, and a sharp decline during the recession reverses the process. Source: Haver Analytics.
Predictions for medium term adjustment in construction shares based on the empirical results are encouraging, but raise concerns too. Many European countries' construction shares are now below their medium-term norms. This suggests that as economic conditions normalize, construction shares are likely to recover. However, a few countries such as Spain, Romania, which had experienced a strong boom in construction before the crisis, have not yet fully adjusted after the crisis (Figure 8 ). This forebodes a painful adjustment yet to come which will likely weigh on the already weak economic situation of these countries. The remainder of the paper is organized as follows. Section II provides a brief review of the related literature. Section III describes the dataset and the main methodology. Section IV presents the empirical results, and Section V concludes.
II. LITERATURE REVIEW
Most of the cyclical patterns in construction are similar to the business-cycle characteristics of investment in the macro-economic literature. For example, in a comprehensive study of 71 post-war US macro-economic time series, Stock and Watson (1999) found that investment in structure, especially residential structure is highly volatile and pro-cyclical. They also noted that employment in contract and construction is more than twice as volatile as the cyclical component of real GDP.
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These similarities are not a coincidence since construction activity is a type of investment. Construction, as recorded in national accounts, includes housing construction, construction of business structure, and infrastructure related construction.
Investment (including in business structure) is typically driven by factors such as general economic conditions, stock market performance, and credit conditions. With intuition traced back to Keynes's General Theory, Brainard and Tobin (1968) proposed that the ratiofamously known as Tobin's q-of market valuation of capital assets to their replacement cost is a superior reliable indicator for investment decisions than the rate of interest. 8 Blanchard, Rhee, and Summers (1998), however, found that empirically, firm fundamentals such as profit, dividend are a better gauge that market valuation to explain firm level investment. Credit conditions also matter because firms generally face liquidity constraint.
Housing construction is driven by demographic trends, household income, housing prices or rent, and credit conditions. Demand for residential housing is influenced by the housing services provided from residential housing, and the process is similar to the demand of other consumer durables (as described in Chow (1957) ). In addition to factors like housing price and rent which affect demand, demographic characteristics such as population growth, household formation, and household income are also key deterministic factors.
Geography also plays a role. It affects the cost of construction. For example, countries with high population densities would require more high-rise buildings, whose construction costs are steeper than low-rise buildings (Tan, 1999 , Gat, 1995 . Also countries endowed with popular tourism destinations will require more tourism infrastructure to accommodate tourism demand and therefore higher construction needs.
Different approaches have been developed to explain the time series behavior of investment-in particular the distributed lag feature of investment. Jorgensen (1969) suggested delivery lag as the reason for pro-cyclicality of aggregate investment. This approach is generalized into the adjustment cost approach, where the level of investment is constrained by adjustment costs associated with investment, as formulated e.g. in Mussa (1977) and also Hayashi (1982) . Kydland and Prescott (1982) used a time to build technology to generate co-moments of investment with output.
Researchers have documented a distinct relationship between stages of economic growth and demand for construction. As noted in Bon (1992) , and also supported in Ruddock and Lopes (2006) , the so called "Bon curve" claims that construction demand is low in less developed economies. During their expansion phase, the growth in construction outstrips the rest of the economy and therefore increases as a share of GDP. As the economy approaches maturity, the rate of increase in construction slows and as a result the construction share (as a percent to GDP) declines.
III. DATA SET AND MAIN METHODOLOGY
We incorporate three elements of the literature summarized above to analyze the crosscountry and time-varying differences in construction shares, particularly in Europe. First, the compiled dataset includes potential explanatory variables related to geography, demographics, and economic conditions. Second, the modeling and estimation attempts to capture the pro-cyclicality through a distributive lag and an error-correction process (similar to the adjustment cost approach). Finally, advanced economies and emerging economies are treated separately given the long-term shifts in construction shares as economies develop.
The dataset includes annual data for over 23 advanced economies and 25 emerging economies, spanning a period from the middle of 1990 to 2011. The full list of countries is in the appendix table A1. The data span varies across countries because of missing The countries are separated into two groups (advanced and emerging economies) with estimation performed separately following different specifications for each type of economy.
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Following the literature, we identify-and collect data on-three sets of country specific variables. They are related to geography, demographics, and economic conditions.
Geographic variables include population density, and whether the country contains popular tourist destinations. For the latter, we use tourism expenditure (in percent of GDP) as a Demographic variables include population growth, dependency ratio, and share of urban population. Variables related to economic conditions include level of per capita income, excess rent inflation (above CPI inflation), unemployment rate, credit conditions (interest rate or private sector credit growth), and stock market performance (return and volatility of main stock market index). Since national accounts data do not distinguish private and public related construction activities, we also include government capital expenditure (in percent of GDP) as a control variable.
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Because public capital expenditure may react differently to some of factors listed earlier-particularly economic conditions, including the government capital expenditure variable will help mitigate the potential missing variable bias.
The variables applied in the analysis are limited by data availability. For example, we would like to use housing price as an explanatory variable, but there are no consistent and reliable housing price data available for a large enough set of countries. As a remedy, we use data on excess rent inflation (which is the difference between rent inflation and headline inflation). Details on data and their sources are provided in appendix Table A2 . Data on the stock of business or housing structures would have permitted a stock-and-flow approach to modeling, but they are not easily available.
We model the construction share as following an autoregressive (AR), error-correction process. For country i and time t, its construction share y it is governed by the following relationships.
First, there is construction share norm which is related to k country-specific fundamental variables of , , … , , where
The short-run dynamics of actual y it then follows an error correction process:
where ⋯ , is the deviation from the norm.
In reality, y it norm is unobserved. So it has to be estimated indirectly. Rather than specify it as some smoothed version of y it , we instead apply the two-step procedure proposed by Engel and Granger (1987) , and estimate the equation (1) using y it directly. The estimates from this equation generate an error correction component (EC)-also called deviation from the norm. The EC term acts as a lever in the second equation on the short-run dynamics. Equation (2) models the change in construction share as a function of its own past dynamics, as well as the deviation from the norm in the previous period (EC t-1 ). This set up, as noted by Engel and Granger (1987) , is equivalent to modeling y it as an AR process, when y it is stationary.
The estimation of equation (1) is done using a panel based generalized least square (GLS) method to control for cross country heterogeneity. Given the wide variation across countries, the issue of cross-section heterogeneity is a serious concern, and its existence are confirmed by the test results of cross-section heterogeneity (see Appendix table A3 ).
Estimation results show that, as expected, demographics, geography, and economic conditions are the main factors determining construction shares. The results of different specifications of eq. (1) are shown in Table 1 -2 for advanced and emerging economies separately. For both types of economies, a core set of variables appear to have significant explanatory power. The signs of the coefficients are in line with what theory would predict and the coefficients are stable across different specifications, although there are differences between the two types of economies.
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Here are the results discussed in more detail:  Higher population density generally raises the construction share for both types of economies. This is likely because of the higher cost of building high-density structure as noted earlier.
 Countries having attractive tourism destinations would understandably require more infrastructure for tourist accommodation, and have higher construction shares. This is evident for both types of economies.
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 For advanced economies, the dependency ratio negatively affects the construction share. Dependency ratio affects construction through a few different and possibly competing channels. For example, a population with a high dependency ratio will have higher number of families. This will tend to increase demand for residential 11 The norm equation is also estimated using fixed effects and random effects to check for robustness (appendix Table A3 -4). They show that fixed and random effects estimation results are not satisfactory which are expected given the presence of cross-section heterogeneity.
12 It should be pointed out that tourism expenditure is not a perfect proxy and it would be better to use the stock of tourism infrastructure. High tourism expenditure does not necessarily mean permanently higher construction shares since after an initial period of construction, the stock of tourism infrastructure would be adequate to meet demand.
housing. On the other hand, high dependency ratio reduces household earning and thus housing affordability, depressing demand for housing. Our results suggest that overall, a higher dependency ratio may reduce housing affordability enough that demand for construction is reduced.
 For emerging economies, population growth is a significant explanatory variable, and is also significant for advanced economies in some specifications.
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 On economic conditions, higher per capita income, excess rent inflation, more favorable credit conditions, a booming stock market, and less volatile stock market performance generally contributes to higher construction shares. These variables are significant for both advanced and emerging economies. As discussed earlier, these variables affect the investment demand in business and residential structures through different channels. Higher per capita income (and lower unemployment rate for advanced economies) directly boosts household income. Easier credit conditions such as lower interest rate (or higher credit growth as proxied for emerging economies) reduce the liquidity and financing constraints for business and households. A booming and less volatile, stock market stimulates investment by increasing Tobin's q for firms, and by increasing household wealth and investment demand. Rapidly rising rent-in excess of general inflation-would boost investment for residential housing since it makes house ownership more attractive, and also increases the return on residential investment for commercial developers.
 As a control variable, government capital expenditure is significant, reflecting the large portion of government capital investment in infrastructure. Other control variables such as global real GDP growth, or a country's own GDP growth are not significant.
To illustrate the results of the norm equation, we show in Figures 9 and 10 , a decomposition of the estimated construction share norm for a few selected European countries. The results are presented as differences relative to a reference country (Germany for advanced Europe and Czech Republic for CESEE countries.), and they demonstrate the major components for construction share norm (in relative importance).
14 In Cyprus, for example, the main factors behind its high construction share norm (relative to Germany) were tourism expenditure, government capital expenditure, and lower pre-crisis unemployment. In Ireland, before the crisis, a few factors including high tourism expenditure, low unemployment and high excess rent inflation, high dependency ratio, as well as government capital expenditure contributed to a relatively high construction share norm. Since the crisis, the construction share norm has fallen significantly, in line with high unemployment, decline in per capita income, and a fall in rent inflation. For Spain, the fundamentals suggested a relatively small difference in the construction share norm (of less than 2 percent) with that of Germany (before the crisis), as the positive affect of high tourism expenditure and high government capital expenditure are offset by higher unemployment rate, lower per capital income, and higher population density, even though the actual construction shares were much higher than Germany's. Nevertheless, the large gap between actual and the norm for Spain suggests that Spain is somewhat an outlier in this group.
Having estimated the construction share norm equation, the error-correction dynamic equation (2) is estimated, and the results are shown in Table 3 -4. The chosen specification of the construction share norm equation is the first specification in Table 1 -2 for the two types of economies respectively.
Results of the dynamic equation (2) show that changes in construction share can be well captured by a relatively simple AR(1), error-correction process. For both types of economies, the estimation is done using the dynamic panel estimation method proposed in Arellano and Bond (1991) . The second lag of construction share and error-correction term are not significant, and the Arellano-Bond test statistics for autocorrelation in first differences are well behaved, suggesting no further correlation in the differenced residuals. The coefficients of the error-correction terms for both types of economies are remarkably similar at 0.3. This suggests that for each period, about a third of the previous period's gap between the construction share norm and actual level of construction share are corrected in the current period. On the other hand, the AR(1) coefficients are positive, and are 0.46 and 0.3 respectively for the two type of economies.
IV. WHAT DO THE RESULTS REVEAL?

A. Advanced Europe
At the peak of the boom, construction shares in several European countries appear to be above the norm based on country specific fundamentals and economic conditions (Figure The actual construction share significantly exceeded its norm in Spain, Finland, Cyprus, and United Kingdom; a few others like Netherland, Switzerland were below the norm. The decline in construction share since the global crisis appears to be mostly in line with model predictions. In Figure 12 , we present the cumulative adjustment in construction share since 2008 predicted by equation (2), using actual data for explanatory variables except for the construction share itself. Some of the model predictions are quite close to the actual change observed since 2008. For Austria, Norway, Sweden, Belgium, Italy, France, UK, Iceland, and France, the difference is less than 2 percentage points of GDP.
For Spain, Ireland, the Netherlands, Cyprus, Switzerland, and Greece, there is a large gap between the predicted adjustment and actual adjustment. Spain stands out as the actual decline in its construction share has been more benign than predicted by the model. On the other hand, in Ireland and Cyprus, the actual decline has been much larger than the decline predicted by the model. For the Netherlands and Switzerland, while the model predicted an increase in construction share, the actual change is either very small (Switzerland) or close to zero (the Netherlands). For Greece, the actual decline is also larger and sharper than model predictions. For Portugal, Denmark, Germany, Austria, Norway, Sweden, Belgium, France, and the United Kingdom, the small changes in construction shares are very close to that predicted by the model. The figure shows that for Finland, Spain, and the United Kingdom, the actual construction share was above the predicted medium-term norm. This would signal that construction shares are likely to adjust downwards over the medium-term. On the other hand, it appears that for Ireland, Greece, the Netherlands, and Germany, the 2011 level of construction shares may be below the medium-term norm, and there is room for it to increase over the medium-term.
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For Portugal, Sweden, Italy, and Norway, the 2011 level of construction shares is close to their medium-term norms.
B. Central, Eastern, and Southeastern Europe
For CESEE countries, the results suggest a similar pre-crisis boom in construction, resulting in overshooting of the construction share norm in a few countries. Before the crisis, Croatia, Bulgaria, the three Baltic countries (Estonia, Latvia, and Lithuania), and Slovak Republic had a strong boom in construction that exceeded the norm determined by their country specific fundamentals. At the peak of boom (2007), the difference is over 1 percentage point of GDP for these countries, and close to 3 percent for Croatia. On the other end of the spectrum, Hungary and Romania appeared to be below the norm in 2007.
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The pace of adjustment since the 2008 crisis has varied in the CESEE as in advanced Europe. For countries like Lithuania and Latvia, the actual decline has been more severe than projected by the model. For Ukraine, Hungary, and Serbia, and to a less extent, Slovenia, Czech Republic, and Turkey, the actual decline is not severe, but was the opposite of the increase predicted by the model. For Estonia, Poland, and Bulgaria, the adjustment in construction shares is close to what is predicted by the model. On the other hand, in Croatia, Romania, and Slovak Republic, the actual decline or increase in construction share is either smaller than or opposite of model predictions.
Looking forward, construction shares could further change over the medium-term for a few of the CESEE countries. For example, in Ukraine, Serbia, Latvia, Lithuania, and Hungary, the 2011 level of construction share is below the medium-term norm, which suggests room for increase over the medium-term. On the other hand, for Slovak Republic and Romania, and to a lesser extent, Croatia, Bulgaria, and Estonia, the 2011 level is above the mediumterm norm. This overshooting indicates that there is a very real possibility that construction share may adjust downward in these countries over the medium-term.
V. CONCLUSION
We have shown that changes in construction shares revolve around a norm that is determined by country specific characteristics. These characteristics, or fundamentals, include a country's geography, demographics, and economic conditions. The pro-cyclical nature of construction shares can be captured by a simple AR(1) error-correction process.
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Based on these empirical results, there is clear evidence of overshooting during the 2000-07 construction booms in Europe. Many countries such as Spain, Ireland, the Baltic countries, Croatia, and Romania experienced strong construction booms. In these countries, construction shares exceeded their norms for a sustained period.
Since the crisis, this process has been largely reversed but the pace has not been uniform. The decline in construction shares took place in most of the European countries accompanying the economic recession. In some economies, such as Ireland, Cyprus, Latvia, and Lithuania, the decline has been steeper than predicted by the model. In some other countries like Ukraine and Hungary, there was a decline instead of the increase predicted by the model. In many countries, including Austria, Sweden, Belgium, Italy, France, the U.K., Poland, and Bulgaria, the adjustment is closely in line with model projections. In Spain and Cyprus, the actual changes are smaller than expected, and construction shares actually increased in Slovak Republic and Romania in contrast to the predicted declines.
Further adjustment may be in store for some economies before they reach their projected medium-term norms. While many countries could expect construction shares to recover as economy conditions normalize, this would not be the case for all. Construction shares in Spain, Finland, and Romania may need to decline further before being fully aligned with their medium-term norms. For Spain in particular, the large gap indicates that such a decline in construction activity would weigh heavily on its economic activity and employment. Note. Error correction term (EC) is based on GLS estimation of specification (1) in Table 2 .
(1) 
Advanced Economies Emerging and Developing Economies
Specification (1) in Table 1 Specification (1) in Table 2 Null Standard errors in parentheses. * denotes significance level. Estimations using generalized least square (GLS) with no country dummies.
